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Here, we present a calibration of the Neutral cluster and Air Ion Spectrometer (NAIS, 
Airel Ltd.) for the size and concentration of ions in the mobility-diameter size-range 
0.98–29.1 nm. Previous studies raised accuracy issues in size and concentration deter-
mination and highlighted the importance of used data inversion algorithm. Therefore, we 
investigated the performance of the NAIS by using five inversion methods. The presented 
results illustrate that the size information given by the NAIS is very accurate, regardless of 
the version of the data inversion. The number concentrations determined by the NAIS were 
15%–30% too low especially at the lower end of the measurement size range (< 5 nm), 
whereas concentrations at diameters 19.6 nm and larger were overestimated by up to 8%. 
With the correction presented in this study, the uncertainty of the ion concentration mea-
surement of the NAIS can be reduced to less than 10%, allowing the NAIS to be used in 
quantitative ion cluster studies and more accurate determination of formation and growth 
rates.
Introduction
Aerosol particles play a significant role in the 
global climate and e.g. in the water cycle. They 
affect the radiative forcing by directly absorbing 
and scattering sunlight. Acting as cloud conden-
sation nuclei, aerosol particles also affect the life-
time and optical properties of clouds (Albrecht 
1989). Many processes connected to secondary, 
freshly formed aerosol are not yet fully under-
stood, e.g. nucleation and activation of clusters 
(Winkler et al. 2008, Jiang et al. 2011, Zhao et 
al. 2011, Kulmala et al. 2013). This is one reason 
why the quantitative effect of aerosol particles 
on the Earth’s climate is still a rough estimate 
and the interest in nanometer-sized particles is 
BOREAL ENV. RES. Vol. 21 • Accuracy of a Neutral cluster and Air Ion Spectrometer 231
constantly growing. When investigating aerosol 
effects, one focus area is air ions, since they can 
play an important role in nucleation processes 
(Hirsikko et al. 2011, Kirkby et al. 2011). Some 
modeling studies underline the importance of 
ions (Yu and Turco 2000, 2008), while field 
measurements conducted with ion spectrometers 
suggest only minor contribution of ions to new 
particle formation within the continental bound-
ary layer and in the lower atmosphere (Iida et al. 
2006, Manninen et al. 2010, Mirme et al. 2010, 
Kulmala et al. 2013).
The Neutral cluster and Air Ion Spectrometer 
is one of the few instruments capable of detect-
ing naturally charged ions and total (naturally 
charged and neutral) aerosol particles with a 
lower thresholds of 0.75 nm and 2 nm mobil-
ity diameters, respectively (Asmi et al. 2009, 
Manninen et al. 2011). This makes it suitable for 
observing new particle formation of both ions 
and total particles from an early stage (Kulmala 
et al. 2007, 2012, 2013). Moreover, the high 
time resolution up to one averaged number size 
distribution per second enables the observation 
of rapid processes.
The NAIS has been used for many years 
to determine ion and particle concentrations in 
various locations (Kulmala et al. 2007, 2013, 
Manninen et al. 2010, Rose et al. 2013, 2015) as 
well as in chamber studies (Kirkby et al. 2011, 
Franchin et al. 2015). Especially when determin-
ing the formation rate of ions or particles, or for 
the assessment of ion pair production rates and 
losses, the absolute number concentrations are of 
great importance.
Asmi et al. (2009) presented a laboratory 
comparison of ten ion spectrometers (5 NAISs 
and 5 AISs) and a Balanced Scanning Mobility 
Analyzer [BSMA, Tammet (2006)]. The results 
showed that the NAIS performed well overall, 
although some issues were identified. The ion 
mobilities were overestimated by about 40%, 
and at low ion concentrations the concentration 
values measured by the instrument were too 
high. The results of a follow-up intercompari-
son workshop (Gagne et al. 2011) demonstrated 
that the instruments, eleven ion spectrometers (6 
NAISs and 5 AISs, including NAIS12 used in 
this study), still agreed well in general. However, 
a bias in the ion concentration measurement was 
observed again and background noise (electrom-
eter signal without charges being collected) was 
identified as the main error source. Both studies 
highlighted the importance of the data inversion 
method, an algorithm to convert the measured 
electrometer currents as a function of mobility 
into ion number size distributions. The inversion 
routines (Mirme and Mirme 2013) used with 
the NAIS are based on model calculations sim-
ulating the trajectories of each ion entering the 
instrument; they take into account flow dynam-
ics as well as diffusional losses.
The findings of Asmi et al. (2009) and Gagne 
et al. (2011) made clear that instrument modi-
fications, and a redesign of the new generation 
of NAISs are needed. Some of the instruments 
used in the above mentioned studies are older 
versions which have not undergone the same 
technical improvements as the instrument in 
this study. Most important differences are a new 
flow scheme stabilizing the flows, and new data 
acquisition electronics with higher measurement 
frequency improving the signal to noise ratio.
We carried out calibration experiments with 
the NAIS in spring 2014 and 2015, focusing on 
the characterization of the mobility and concen-
tration measurement of ions when deploying five 
different commonly applied versions of the data 
inversion algorithm. The need for the accuracy 
assessment emerged from ion cluster studies 
conducted at the CLOUD experiment [Cosmics 
Leaving Outdoor Droplets, Kirkby et al. (2011)] 
at CERN, where ion concentrations were used to 
determine ion production rates and losses. In this 
work, the particle mode was not considered. The 
aim of this study was to verify the concentration 
and mobility response of the instrument when 
using commonly applied versions of the inver-
sion algorithm.
Methods
Instruments
Neutral cluster and Air Ion Spectrometer
The NAIS (Mirme and Mirme 2013) is an aero-
sol mobility spectrometer designed to determine 
the number size distribution of ions, as well as 
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total (naturally charged and neutral) particles in 
the mobility diameter range of 0.75–45 nm. It 
consists of two parallel differential mobility ana-
lyzers (DMAs) to simultaneously measure pos-
itive and negative ions. Each DMA is equipped 
with 21 electrometers, detecting charged parti-
cles of different mobilities. The instrument can 
periodically switch between an ion mode (mea-
suring ions and naturally charged particles) and 
a particle mode (measuring naturally charged as 
well as neutral particles artificially charged with 
a corona charger). The instrument is described 
in more detail by Manninen et al. (2009) and 
Mirme and Mirme (2013). In this study, we used 
the instrument with serial the number NAIS12, 
which is identical to the instruments NAIS13–
NAIS19. Using earlier versions of the instrument 
(< 12) may yield slightly different results due to 
earlier mentioned instrumental improvements; 
later versions (> 19) have an updated precondi-
tioning unit with modified geometry to reduce 
its diffusional losses and to improve the unifor-
mity of particle charging in particle measure-
ment mode.
Differential mobility analyzers
The preparation of samples for the calibration 
measurements was done by using two different 
kinds of DMAs. For the selection of particles 
smaller than 5 nm mobility diameter, we used 
a Vienna type high resolution DMA (Herrmann 
et al. 2000), which was operated at 15 l min–1 
sample flow rate and 797 l min–1 sheath flow rate. 
It has a resolution of R = Z*/ΔZ1/2 = 17, which is 
the ratio of the mobility at the peak of the trans-
fer function Z* to the full width at half maximum 
of the transfer function ΔZ1/2 (Flagan 1998). 
Thus the selected particles have a very high 
grade of monodispersity. The DMA was cali-
brated by using THAB (tetra-heptyl ammonium 
bromide) monomer mobility standard (Ude and 
de la Mora 2005). The calibration measurements 
for particles 14–30 nm mobility diameter were 
done by using a replica of a Vienna type Hauke 
DMA (Winklmayr et al. 1991). It was operated 
at 4 l min–1 sample flow rate and 20 l min–1 
sheath flow rate. In this diameter range, it has an 
almost constant resolution of R = 5.
Reference counters
When measuring particles smaller than 5 nm, we 
used a TSI Electrometer 3068B as a reference 
for the concentration. It was operated at a sample 
flow rate of 2.5 l min–1. According to the TSI 
manual, the current can be determined as accu-
rate as ±1 fA (±150 cm–3), while the uncertainty 
of the flow rate is ±5%.
For the calibration measurements in the size 
range larger than 14 nm, we used a Condensation 
Particle Counter (CPC) model TSI 3772, which 
has a cut-off diameter of 10 nm. Since the cut-off 
curve is not very steep, the concentrations were 
corrected for the counting efficiency provided by 
TSI. The manufacturer states an accuracy of the 
concentration measurement of ±10%.
Measurements and data analysis
Experimental setup and sample preparation
Different setups were used for particles smaller 
than 5 nm and 14–30 nm in diameter. Mobility 
diameters 5–14 nm were characterized by Gagne 
et al. (2011), ion concentrations were found to 
be well comparable to the reference instrument. 
Although obtained by using an earlier version 
of the instrument (NAIS5) and data inversion 
(amaisih06.sinp), those results are still valid. 
Technical improvements in later instruments and 
newer versions of the inversion algorithm mainly 
affected the detection of small ions (< 5 nm).
Small particles (< 5 nm) were generated 
with a tungsten wire aerosol generator (Kan-
gasluoma et al. 2015), which was operated by 
using 15 l min–1 nitrogen 5.0 as a carrier gas. 
The sample mobility was selected with a Vienna 
type high resolution DMA (Fig. 1a). Larger 
particles were produced by atomizing an ammo-
nium sulfate solution (carrier gas: 4 l min–1 dry 
filtered air), the size selection was done with a 
replica of a Vienna type Hauke DMA (Fig. 1b). 
Both DMAs were used with a 241Am radioactive 
bipolar charger. Initially, we carried out mea-
surements with both positive and negative ions, 
confirming that the response of the two analyzers 
in the NAIS is comparable (counting efficiencies 
matching within error limits). Therefore, in the 
BOREAL ENV. RES. Vol. 21 • Accuracy of a Neutral cluster and Air Ion Spectrometer 233
subsequent experiments presented here, we used 
only negative ions.
Since the NAIS has a sample flow rate of 
54 l min–1, it was necessary to dilute the sample 
exiting the DMAs. Dilution of the sample is a 
very critical step and we designed the calibration 
inlets to ensure that the sample was mixed homo-
geneously before the sampling point (Fig. 2). 
Turbulent mixing was not used for small parti-
cles to avoid additional loss of sample aerosol 
and the signal getting too low. A small excess 
flow was necessary to balance the pressure. The 
reference counter was placed as close to the 
NAIS as possible. Additionally, we corrected the 
measured concentrations for diffusional losses 
in the sampling lines (Gormley and Kennedy 
Fig. 1. (a) Experimental setups used for the calibration measurements. Aerosol particles smaller than 5 nm diam-
eter were generated with a tungsten wire aerosol generator; the mobility was selected by a Vienna type high res-
olution DMA. (b) Particles of diameter 14–30 nm were generated atomizing an ammonium sulfate solution; size 
selection was done using a Hauke DMA.
Reference: 2.5 l min–1
 6 mm
NAIS: 54 l min–1
 35 mm
Sample: 15 l min–1
 10 mm
Dilution: 42.5 l min–1
Dry, filtered air
 10 mm
Excess: 1 l min–1
 10 mm
Diffusion mixing
a
Reference: 1 l min–1
 6 mm
NAIS: 54 l min–1
 35 mm
Excess: 1 l min–1
 10 mm
Sample: 4 l min–1
 10 mm
Dilution: 52 l min–1
Dry, filtered air
 10 mm
Diffusion mixing Turbulent
mixing
b
Fig. 2. Calibration inlets. The setup was slightly different for the size ranges (a) 0.98–4.42 nm and (b) 14.7–29.1 nm 
concerning the way how the dilution air flow was introduced and the length of the diffusion mixing section [(a) 50 cm 
and (b) 35 cm; Re = 2153].
a
b
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1948). The obtained ion concentrations after 
dilution were ranging from 100 to 10 000 cm–3.
Data analysis
The sampling frequency of the NAIS12 is 
12–13 Hz, spectra can be obtained with aver-
aging times 1 s, 10 s or block (full cycle aver-
age). For the analysis we used spectra with 
a 10-second averaging time. This means that 
each spectrum included more than 120 mea-
surements. The electrometer currents (raw data) 
measured by the NAIS were inverted by using 
five inversion algorithms (Mirme and Mirme 
2013) to identify which one reproduces the ref-
erence measurements best. Since Airel Ltd. is 
updating the data inversion from time to time, to 
optimize the performance of the instrument, we 
investigated the currently most commonly used 
version (inv3) as well as earlier and later ver-
sions (Table 1). The main differences in inver-
sion algorithms concern the estimation of the 
diffusional losses, a fault increasing the average 
ion concentration at low signals (‘positive bias 
fault’; affecting background), and the application 
of a negative concentration correction algorithm.
The accuracy in sizing was estimated by 
fitting a Gaussian curve to the average number 
size distribution measured with the NAIS (arith-
metic mean of 64–191 spectra). The position of 
the maximum (mode diameter) was then com-
pared with the diameter selected with the DMA 
(Fig. 3). The uncertainty of the detected diame-
ter was estimated by using the full width at half 
maximum of the Gaussian curve. To investigate 
the error in the concentration measurements, the 
values obtained with the NAIS (integrated con-
centration over the range of the peak) were plot-
ted against the reference data and a linear fit (y = 
ax + b) was applied. The slope of the fit indicated 
the counting efficiency of the NAIS (Fig. 4). 
The uncertainties of the counting efficiencies 
were approximated by applying a linear fit to 
the lower and the upper limits of the confidence 
intervals of the reference measurements (shaded 
areas in Fig. 4). The concentration correction 
coefficients were obtained by fitting power law 
functions [f(dp) = a(dp)b] to the determined count-
ing efficiencies of the NAIS. The uncertainties of 
the fit parameters are the 95%CIs of the fit.
The particle mobilities were converted to 
diameters according to the Millikan-Fuchs rela-
tion, Zp = neB, as described by Mäkelä et al. 
(1996), where Zp is the electrical mobility, n the 
number of elementary charges, e the elemen-
tary charge and B the mechanical mobility. We 
assumed all particles to be singly charged, the 
experiments were designed to keep the amount 
of multiply charged particles negligible.
Results
We evaluated the data from 64–191 NAIS ion 
spectra (10 s averaging time) for each inves-
tigated diameter. Uncertainties of the selected 
mobility diameters were estimated accounting 
Table 1. Data inversion algorithms (Mirme and Mirme 2013) investigated in this study, their abbreviations and main 
differences. The diffusion loss parameter is an empirical parameter that is chosen for the diffusion loss function 
based on the instrument calibration. Internally the parameter determines the equivalent path length for particles 
in the diffusion loss model. The positive bias fault is an error in the inversion algorithm creating a statistical bias 
increasing concentrations where an electrometer signal was negative. The negative concentration correction algo-
rithm is a method used in the data inversion procedure that tries to remove negative concentrations from the inver-
sion result distributions and improve the quality of the measurement results while avoiding the increase of average 
concentrations.
Code Inversion algorithm Diffusion loss parameter Positive bias fault Negative concentration
    correction algorithm
inv1 amnais012-20140228 0.035 no yes
inv2 amnais012-20140303 0.035 no no
inv3 amnais13 0.050 yes yes
inv4 amnais13-20140228 0.050 no yes
inv5 v14-lrnd 0.035 no yes
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for the resolution of the DMAs as well as the 
possible fluctuations of the high voltage supply. 
The mode diameter determined from number size 
distributions measured by the NAIS is very accu-
rate. Especially in the size range 1.80–4.42 nm 
the mode diameter matches the diameter selected 
by the DMA within 1% (Fig. 5a). For example, 
for the latest version of the inversion inv5 the 
ratio of detected to selected diameter is on aver-
age 0.99 ± 0.03. However, at the lower end of the 
measurement size range (1.5 nm and smaller) 
the NAIS was not able to distinguish between 
the mobilities anymore; the detected mode diam-
eter hardly changed between the sample diame-
ters 0.98 nm, 1.16 nm and 1.51 nm. The slope of 
the linear fit for sample diameters 1.80–4.42 nm 
equals unity within error limits, which demon-
strates the high accuracy of the determined mode 
diameters. At diameters larger than 14 nm, the 
NAIS slightly overestimated the particle diam-
eter, on average by 6% (Fig. 5b). Furthermore, 
our results indicate that the choice of the data 
inversion algorithm has a negligible effect on the 
size information obtained by the NAIS (Fig. 5). 
The detected diameters showed little variation 
between different inversion methods.
When verifying the concentration measure-
ments, we found a size dependence in the count-
ing efficiency of the instrument (see Fig. 6). 
Three out of five versions led to very similar 
results underestimating concentrations of small 
ions by up to 30% at diameters 0.98–4.42 nm 
mobility diameter and overestimating ion concen-
trations by up to 8% in the range 14.7–29.1 nm. 
However, inv3 and inv4 produced very differ-
ent values at diameters < 3 nm than the other 
three versions, overestimating the concentrations 
of ions smaller than 1.51 nm mobility diameter 
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Fig. 3. Size calibration for each sample diameter. The circles mark the number size distribution measured with 
the NAIS (data inversion method inv5), the red line is a Gaussian fit and the black dashed line marks the diameter 
selected by the DMA (values displayed above each plot; < 5 nm: high resolution DMA, > 5 nm: Hauke DMA).
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by up to 30% (Fig. 6). Since the other inversion 
methods showed consistent behavior, we were 
able to apply a power law fit (Table 2) which rep-
resented the data well (R2 ≥ 0.94). We used these 
functions to derive counting efficiencies (trans-
mission) for each diameter in the NAIS ion spec-
trum (Table 3). As a summary, the NAIS (using 
the consistent inversion algorithms inv1, inv2 and 
inv5) underestimated ion concentrations by up 
to 30% at the lower end of the measurement size 
range; at diameters larger than 16 nm the concen-
trations given by the instrument were up to 8% 
higher than those shown by the reference instru-
ments. The concentration response of the NAIS 
was linear at all sizes and concentrations (Fig. 4).
By using the power law fit functions 
(Table 2), we derived correction factors for the 
concentration in each size bin in the measure-
ment size range (Table 3). These values cor-
respond to the transmission of the instrument. 
Dividing the measured concentrations by the 
transmission values yields the actual concentra-
tion. With those terms applied to the concentra-
tions measured by the NAIS, the concentration 
values agreed with the reference within 10% 
(inv1: ±5.9%, inv2: ±6.7%, inv5: ±7.1%; see 
Fig. 7).
Discussion
By careful laboratory calibrations, we demon-
strated that the size information given by the 
NAIS was very accurate at sizes larger than 
Fig. 4. Concentration calibration for each sample diameter (values above each plot). Ion concentrations measured 
with the NAIS (data inversion method inv5) as a function of ion concentrations determined by a reference counter 
(0.98–4.42 nm: TSI Electrometer 3068B; 14.7–29.1 nm: TSI CPC 3772) for all investigated diameters. The shaded 
areas are the 95%CIs of the fit, taking into account the uncertainty of the reference counter. Ideally, the fit (red 
dashed line, y = ax + b) would match the one-to-one line (black dashed line).
0.98 ± 0.04 nm
0 5000
0
2000
4000
6000
R2 = 0.995
RMSE = 79.8
1.16 ± 0.03 nm
0 2000 4000
0
2000
4000
R2 = 0.993
RMSE = 67.8
1.51 ± 0.03 nm
0 1000 2000
0
1000
2000
R2 = 0.956
RMSE = 64.8
1.80 ± 0.03 nm
0 2000 4000
0
2000
4000
R2 = 0.989
RMSE = 76.8
2.13 ± 0.03 nm
0 5000
0
2000
4000
6000
N
A
IS
 c
on
ce
nt
ra
tio
n 
(c
m
–3
)
R2 = 0.995
RMSE = 88.0
2.55 ± 0.04 nm
0 5000
0
2000
4000
6000
8000
R2 = 0.997
RMSE = 117.9
4.42 ± 0.07 nm
0 10000
0
5000
10000
R2 = 0.996
RMSE = 183.8
14.7 ± 0.7 nm
0 1000 2000
0
1000
2000
R2 = 0.995
RMSE = 27.1
16.6 ± 0.8 nm
0 1000 2000 3000
0
1000
2000
3000
R2 = 0.998
RMSE = 37.9
data fit
19.5 ± 1.0 nm
0 5000
0
2000
4000
R2 = 0.996
RMSE = 89.1
23.4 ± 1.2 nm
0 5000
0
2000
4000
6000
R2 = 0.995
RMSE = 162.6
29.1 ± 1.5 nm
0 5000
0
2000
4000
6000
8000
R2 = 0.995
RMSE = 212.5
Reference concentration (cm–3)
BOREAL ENV. RES. Vol. 21 • Accuracy of a Neutral cluster and Air Ion Spectrometer 237
Fig. 5. Accuracy of mobility diameters measured with the NAIS. Detected diameter (mode diameter from a Gauss-
ian fit) as a function of selected diameter (< 5 nm: high resolution DMA, > 5 nm: Hauke DMA). The slopes of the 
linear fits (y = ax) are indicated in the legend. The black dashed line represents the one-to-one line. Since the NAIS 
does not resolve sizes at 1.5 nm and below, the fit in a does not include those three data points.
Fig. 6. NAIS counting efficiency as a function of mobility diameter comparing five data inversion algorithms; for 
better visualization of the changes, the results are shown on (a) logarithmic scale and (b) linear scale. Each point in 
the figure represents the results of at least 64 measurements, evaluating the performance at different ion concen-
trations. The error bars are 95%CIs and correspond to the shaded areas around the fit in Fig. 4 (see section ‘Data 
analysis’ for more details). The power law fit (Table 2) matches the data points well (coefficients of determinations 
R 2 are given in the legend in b). Data obtained using inv3 and inv4 could not be approximated by the fit (green and 
orange; the results are very similar, green dots are covered by the orange dots).
Table 2. Coefficients to derive the transmission values 
from the fit function f(dp) = a(dp)b with [dp] = [nm].
Inversion a b
method
inv1 0.729 ± 0.026 0.115 ± 0.015
inv2 0.719 ± 0.035 0.118 ± 0.021
inv5 0.713 ± 0.030 0.120 ± 0.018
1.5 nm. At diameters 1.80–4.42 nm the mode 
diameter matched the selected mobility diam-
eters within 1% (e.g. inv5: the ratio dp,NAIS to 
dp,REF was on average a = 0.99 ± 0.03; see Fig. 
5a). At sample diameters larger than 14 nm the 
mode diameter was overestimated by on aver-
age 6% (inv1, inv3–inv5: a = 1.06 ± 0.07; see 
Fig. 5b). However, the smallest sample diame-
ters (≤ 1.5 nm) could not be distinguished from 
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Table 3. Transmission values for ion concentrations determined using inversion methods inv1, inv2 or inv5. The 
uncertainties represent the 95%CIs.
Channel no. dp,mean inv1 inv2 inv5
 (nm)   
  factor uncertainty factor uncertainty factor uncertainty
01 0.81 0.711 0.023 0.702 0.031 0.695 0.027
02 0.94 0.724 0.025 0.714 0.034 0.707 0.029
03 1.08 0.735 0.027 0.726 0.036 0.719 0.032
04 1.25 0.748 0.029 0.738 0.039 0.732 0.034
05 1.44 0.760 0.031 0.751 0.042 0.744 0.037
06 1.66 0.773 0.034 0.763 0.045 0.757 0.039
07 1.92 0.786 0.036 0.777 0.048 0.771 0.042
08 2.21 0.798 0.038 0.790 0.051 0.784 0.045
09 2.56 0.812 0.041 0.804 0.054 0.798 0.048
10 2.96 0.826 0.043 0.817 0.058 0.812 0.051
11 3.41 0.839 0.046 0.831 0.061 0.826 0.054
12 3.94 0.853 0.049 0.845 0.065 0.840 0.057
13 4.56 0.868 0.051 0.860 0.069 0.855 0.060
14 5.27 0.882 0.054 0.875 0.072 0.870 0.064
15 6.09 0.897 0.057 0.890 0.076 0.885 0.067
16 7.04 0.912 0.060 0.905 0.080 0.901 0.071
17 8.15 0.928 0.063 0.921 0.085 0.917 0.074
18 9.42 0.943 0.066 0.937 0.089 0.933 0.078
19 10.9 0.959 0.070 0.953 0.093 0.950 0.082
20 12.6 0.976 0.073 0.970 0.098 0.966 0.086
21 14.6 0.992 0.077 0.987 0.103 0.984 0.090
22 16.9 1.009 0.080 1.004 0.108 1.001 0.095
23 19.6 1.026 0.084 1.022 0.113 1.019 0.099
24 22.8 1.044 0.088 1.040 0.118 1.038 0.104
25 26.4 1.062 0.092 1.058 0.123 1.056 0.109
26 30.7 1.081 0.096 1.077 0.129 1.076 0.114
27 35.7 1.100 0.100 1.097 0.135 1.095 0.119
28 41.6 1.119 0.104 1.116 0.141 1.116 0.124
100 101
0.8
0.9
1
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each other. Modifying the preconditioning unit 
or reducing the size range of the instrument may 
improve the resolution at the smallest diam-
eters. All analyzed inversion methods led to 
similar results and the concentration response 
of the NAIS was linear at all sizes, also towards 
low concentrations (Fig. 4). Therefore, with the 
instrument and inverters used in this study, our 
results agree with those of Gagne et al. (2011). 
Contrary to Asmi et al. (2009), we did not find 
the overestimation of ion concentrations by 40% 
at low concentrations any longer. It is likely that 
the positive bias fault was present in the inver-
sion method used by Asmi et al. (2009). This is 
an error in the inversion algorithm which created 
a statistical bias increasing concentrations where 
an electrometer signal was negative. Negative 
signals occur frequently due to measurement 
noise when the particle concentrations are very 
Fig. 7. NAIS counting efficiency as a function of particle 
diameter after applying the correction terms (Table 3) 
for inversion methods inv1, inv2 and inv5.
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low. This error would typically affect the back-
ground concentrations.
On the other hand, the concentration values 
provided by the NAIS depended strongly on the 
algorithm used for data inversion. The results 
of all inversion methods were comparable for 
diameters larger than 4 nm, whereas inverters 
inv3 and inv4, which are most commonly used, 
led to very different values at smaller diameters. 
For the data obtained by using those invert-
ers, we recommend to perform a new inversion 
(using inv1, inv2 or inv5) and correct the data 
by using the transmission terms provided in 
this study (Table 3). Data obtained by using one 
of the consistent inverters (inv1, inv2, inv5) 
do not need to be re-inverted, however, they 
should be corrected with the corresponding fac-
tors (Table 3). Applying the proposed procedure, 
the ion concentrations are accurate within ±10% 
(inv1: ±5.9%, inv2: ±6.7%, inv5: ±7.1%, Fig. 7).
Our results can be directly applied to the 
instruments NAIS12–NAIS19 (identically con-
structed), however, using earlier or later versions 
may yield slightly different results. The newest 
versions of the NAIS (> 19) have at present a 
modified preconditioning unit (adjusted geom-
etry) to decrease its diffusional losses, and to 
improve the uniformity of particle charging in 
particle measurement mode.
Atmospheric new particle formation is a 
global phenomenon (Kulmala et al. 2004) and 
reliable direct measurements are needed to fur-
ther understand it. To find out proper forma-
tion and growth rates (Kulmala et al. 2012, 
2013), accurate information on size and con-
centration is crucial. This way the uncertainties 
in atmospheric model parameterizations can be 
decreased. The present results enable using the 
NAIS for reliable ion cluster measurements and 
determining formation and growth rates more 
precisely.
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